Characterized by simultaneous and high efficient deprivation of COD, BOD and nutrient, short total retention time and low operation cost, a new treatment process with high efficiency for nutrient removal from municipal sewage, which has been successfully applied to the reconstructions of several municipal wastewater treatment plants, could increase the efficiency of nutrient removal from municipal sewage by enhancing the ecological superior of vulnerable microorganisms as nitrifying and phosphate accumulating bacteria. From the practical results, we could see that according to the dynamic load of secondary sewage treatment plant, the effluent qualities (COD≤50 mg/L, BOD≤10 mg/L, NH 3 -N≤3 mg/L) could reach the class -A criteria specified in Discharge Standard of Pollutants for Municipal Wastewater Treatment Plant (GB 18918-2002) of China and the rest effluent indexes achieved the class -B criteria without any new pool structures built.
Activated sludge process has been the most universal and efficient treatment for municipal sewage because of its advantages as simultaneous deprivation of COD, BOD and nutrient and low treatment cost, etc. However, there is a big problem in activated sludge process for nutrient removal, which is the contradiction between the substrate competition and different sludge age. So, how to deal with the contradiction becomes a problem to be solved in the treatment of municipal sewage.
Theoretical foundation of the new process with high efficient nutrient removal

Unified dynamics theory
Zhang Yanqiu et al. have put forward a new unified dynamics equation on the reaction of biological wastewater treatment [1] .
where dX/dt is the biological growth rate, V; S substrate concentration; X biomass concentration; k biological maximum specific growth rate constant; K biology-substrate reaction relation constant. Equation (1) reveals the phenomenon of biological nonlinear growth based on the substrate. That is to say, the reaction rate has a nonlinear relationship with biomass concentration at a higher biomass concentration.
To the processes of decarbonization and nitrification, it can be regarded that microorganisms in activated sludge include dominant flora as decarbonization bacteria and vulnerable flora as nitrifier and phosphate accumulating bacteria. According to formula (1), microbiological specific growth rate V could be calculated as well as Fig. 1 drawn, from which we found that to improve the ratio of vulnerable flora in activated sludge we should increase the sludge concentration higher than the value at the intersection of the two curves. 
Dynamics load theory
Dynamic load theory and corresponding design methods were put forward with one-phase-theory as an example and dynamic theory on organism degradation in wastewater biological treatment applied [2] .
where U d is the dynamics load in activated sludge system; k maximum reaction rate constant; S* logarithmic average concentration of substrate in reactor; K Michelis constant (half-saturation constant); v specific growth rate of activated sludge.
According to formula (2) and (3), specific growth rate v of dominant and vulnerable flora under different concentrations of BOD and NH 4 + could be calculated as well as Fig. 2 drawn. In Fig. 2 , we could see that to improve the ratio of nitrifier and phosphate accumulating bacteria in activated sludge and promote the superiority of phosphate accumulating bacteria and nitrifier, we should control the concentration of BOD and NH4 + to be lower than the value at the intersection of the two curves.
Return sludge concentration optimization theory
According to X=rX r /(1+r), the calculation formula for the sludge concentration in aeration tank, a calculation model on return sludge concentration was presented: where X is the sludge concentration in aeration tank; r sludge return ratio; X r return sludge concentration; X m maximum sludge concentration under the gravity sedimentation; k settling velocity constant, related to the structure of secondary sedimentation tank and the sludge characteristic; V r sludge zone capacity of the secondary sedimentation tank; Q treatment capacity. Formula (4) indicates a gradually reduction of return sludge concentration and an increasing sludge concentration in aeration tank as the sludge return ratio increasing and with the sludge return ratio toward infinity they tend to be equal. So, it is a limited method of raising the sludge return ratio for municipal wastewater treatment plant to increase the sludge concentration without the capacity of secondary sedimentation tank enlarged.
Technical characteristic of the new process with high efficient nutrient removal
According to the theories stated above, we assumed that high sludge concentration and low nutrition state could promote the ecological superiorities of phosphate accumulating bacteria, nitrifier, nitrosobacteria and denitrifying bacteria [3] . And then, a new treatment process named ECOSUNIDE was suggested with the process flow in Fig. 3 . Technical points of ECOSUNIDE can be concluded as follows: Distribute influent to different zones in the whole flow to achieve a high sludge concentration (sludge concentration could reach 8 g/L in the head-end anaerobic zone). Properly increase the inflow of the last section in the whole process to carry out a low nutritional state. Distribute influent to the end of the biological reaction tank to make full use of the adsorption properties of sludge. Set 3-5 discontinuous anoxic zones to carry out an alternate process of nitrification and denitrification. Reasonably control DO value to carry out simultaneous nitrification and denitrification. 
Treatment Effect in Practical Project
From 2002.06 to 2008.06, the new process ECOSUNIDE has been applied in four technical reconstructions of the wastewater treatment plants respectively in Xuzhou, Linyi, Yishui and Dezhou without any new pool structures built according to the dynamic load of secondary sewage treatment plant. The influent and effluent qualities before and after reconstructions of the four wastewater plants are shown in Table 1 . Table 1 has shown us that COSUNIDE has significant advantages as short retention time and satisfying effluent qualities.
Conclusions
ECOSUNIDE has changed the influent mode of conventional activated sludge process by distributing influent to anaerobic and aerobic zones, creating a favorable environment for the multiplication of phosphate accumulating bacteria and nitrifier to improve nutrient removal efficiency.
• High sludge concentration in anaerobic tank achieved by partly distributing influent to anaerobic zone could increase the biomass of phosphate accumulating bacteria to enhance phosphorus removal efficiency.
• Organism concentration could be reduced in aerobic zones by distributing influent to different parts, lower than the organism concentration in the head-end aerobic zone of conventional activated sludge process, which is superior to the growth of nitrifier. So the nitrification and denitrification abilities of the system could be improved.
• Influent distributed in aerobic zones could provide carbon source and control DO values in aeration tanks to create a suitable condition for simultaneous nitrification and denitrification.
• ECOUNIDE could save operating cost and engineering investment because of unneeded internal reflux and high efficiently bubbles trapped by high sludge concentration.
